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Objective: The purpose of this study was to examine the presenting symptoms, signs perforation rates
and outcomes of appendicitis in pre-school children. In addition, we sought to determine the reasons of
delay in the diagnosis of those with complicated appendicitis.
Material and methods: This is a retrospective study of all children of 5 years or less who underwent
appendectomy for appendicitis in King Khalid University Hospital, Riyadh, Saudi Arabia between January
2001 and December 2007.
Result: During the 7-year period, 106 patients 5 years of age or less required appendectomy for ap-
pendicitis. There were 66 boys and 40 girls. Sixty-four children (60.3%) had complicated appendicitis, 38
(35.3%) had acute appendicitis and 4 (3.7%) had normal appendix. Although classic symptoms were
present in the majority of patients, atypical symptoms were found in some children. The duration of
symptoms in patients with complicated appendicitis was more (5.2 vs 2.1 days). A diagnosis other than
appendicitis was suspected in 47 patients (73.4%). Sixty (56.6%) patients had perforation at the time of
surgery. Complicated appendicitis was associated with a longer hospital stay and more post-operative
complications.
Conclusion: The accurate diagnosis of appendicitis in pre-school children is still a clinical challenge. A
high index of suspicion of appendicitis is necessary in pre-school children in view of the atypical pre-
sentation and high incidence of complicated appendicitis. Primary care physician, emergency room
physician and young surgeons have a crucial role in recognizing the symptoms and signs of early ap-
pendicitis in pre-school children.
 2008 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Appendicitis represents a real, everyday working problem for
the primary physician and those who care for the children. It is the
most common surgical emergency of the childhood. Appendicitis
may present at any age, although it is a rare, but one of the most
challenging diagnosis among very young children. Although symp-
toms are generally recognized by pediatricians, general practitioners
and emergency room physicians, young children are still over-
looked andmisdiagnosed resulting in greatermorbidity. The goal of
this study was to review the signs and symptoms of appendicitis in
pre-school children and to determine the rate of perforation of the
appendix in this age group and to identify factors associated with
perforation in the hope of remediating them and reducing the in-
cidence of appendicular perforation in pre-school children.ciates Ltd. Published by Elsevier Lt2. Materials and methods
A retrospective analysis was carried out for all children aged 5
years or less who underwent appendectomy for appendicitis at
King Khalid University Hospital, Riyadh, Saudi Arabia between
January 2001 and December 2007. Incidental or interval appen-
dectomies were not included in this study. Data gathered included
age, sex, duration of symptomswhether seen by a physician prior to
admission or surgery, physical ﬁndings, stage of disease at opera-
tion, histopathology, post-operative complications and mortality.
The differentiation between a non-perforated and perforated
appendix was based on operating surgeon’s macroscopic evalua-
tion and veriﬁed by the microscopic ﬁndings. All appendices were
studied histologically. The criteria for acute appendicitis were
accumulation of polymorphonuclear leukocytes in the mucosa and
submucosa. Patients with acute appendicitis were grouped as
uncomplicated appendicitis. The patients with macroscopic or
microscopic perforation or appendicular mass (felt under general
anaesthesia) were grouped as complicated appendicitis.d. All rights reserved.
Table 1
Symptoms at the time of presentation (n¼ 106)
Symptoms Number of patients Percentage
Abdominal pain 96 90.5
Nausea and vomiting 89 83.9
Diarrhoea 42 39.6
Anorexia 32 30.1
Cough/sore throat 12 11.3
Fever 68 64.1
Irritability 15 14.1
Lethargy and somnolence 7 6.6
Dysuria 6 5.6
Earache 3 2.8
Table 3
Incidence (percent of perforation by age)
Age (Year) Total number
of patients
Perforation
Number Percent (%)
0–1 0 0 0
1–2 4 4 100.00
2–3 16 11 68.07
3–4 45 27 60.00
4–5 41 18 43.09
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count, abdominal radiographs and ultrasound. Patients were con-
sidered to have sought prior care if they were evaluated by a phy-
sician in either a private clinic or an emergency department or
admitted to a hospital, but deﬁnitive treatment of appendicitis was
not initiated. A fever was any temperature reported or recorded
above 38.0 C. Prophylactic antibiotics (cefuroxime 30 mg/kg and
metronidazole 10 mg/kg) were given to every patient at the
induction of anesthesia. In the cases of complicated appendicitis,
intravenous triple antibiotics (ampicillin, gentamycin, and
metronidazole) were given post-operatively for 3–5 days.
3. Results
One hundred and six pre-school children (aged 5 years or less)
underwent appendectomy for appendicitis during the study period.
There were 66 boys and 40 girls whose presenting symptoms are
shown in Table 1. The most common presenting symptom was
abdominal pain (90.5%). Non-speciﬁc symptoms such as diarrhea,
irritability, ear-ache, cough and sore throat, lethargy and somno-
lence were seen in many patients. The most common presenting
sign was tenderness; either diffuse or focal (Table 2). Diffuse
tenderness was found in 61.5% of the patients with complicated
appendicitis as compare to 15.7% of patients with uncomplicated
appendicitis. Uncomplicated appendicitis was present in 38
(35.8%) patients and complicated appendicitis was present in 64
(60.3%) patients. The appendix was histologically normal in 4 (3.7%)
patients. Appendicular mass was present in 4 patients of compli-
cated group. Symptoms were present more than twice as long in
the group with complicated appendicitis to the group with
uncomplicated appendicitis (5.2 vs 2.1 days), respectively.
The rate of perforation increased as the duration of symptom
lengthened. Perforation has occurred in 26.61% of patients with
symptoms for 2 days or less, and in 73.3% of the patients with
symptoms for more than 2 days. Overall, 60 (56.6%) patients had
perforation at the time of surgery. The perforation rate under 2
years of age was 100%. As the age increases, the rate of perforation
gradually declined (Table 3).
We studied the reasons for delay in the diagnosis of those with
complicated appendicitis. Delay in seeking medical advice was re-
sponsible for complicated appendicitis in 17 (26.5%) patients andTable 2
Physical signs at the time of presentation
Signs Uncomplicated
appendicitis
(n¼ 38)
Complicated
appendicitis
(n¼ 64)
Fever (>38 C) 21 61
Tenderness 30 69
Guarding 19 48
Rebound tenderness 18 55
Distension 1 12
Tachycardia (>120 beats/min) 5 49misdiagnosis was responsible in 47 (73.4%) patients. These 47 pa-
tients were seen at some point during their illness by a physician
and a diagnosis other than appendicitis was made (Table 4).
Abdominal radiographs were obtained in all patients at
presentation, demonstrating fecalith in 15 (14.1%) cases, ileus of the
right lower abdominal quadrant in 10 (9.4%) and air ﬂuid levels or
generalized ileus in 21 (19.8%). Abdominal ultrasound was
performed in 10 patients and was interpreted as appendicitis in 3
and normal in 7 patients. An abnormal WBC count (>15.510.e9/
L) was found in 53%, 60%, and 50% of the patients with acute
appendicitis, complicated appendicitis and normal appendices,
respectively. Themean postoperative hospital staywas signiﬁcantly
higher in the complicated group as compared to uncomplicated
group (6 days vs 2 days). Post-operative complications developed in
9 (8.4%) patients (Table 5). Complications weremore in the group of
complicated appendicitis as compared to uncomplicated appendi-
citis (14% vs 2.6%).
All the patients with wound infection were treated with local
drainage andantibiotics. Twopatientswith intra-abdominal abscess
required CT guided drainage and 1 patient responded to antibiotics
with complete resolution clinically and on ultrasound scan. The
patients with adhesive intestinal obstruction responded well with
conservative management. There was no death in this study group.
4. Discussion
It is the irony of medicine that despite signiﬁcant advances in
the medical imaging and therapeutics, the condition most
commonly requiring emergent surgery in pre-school children still
retains its diagnostic challenge. Delayed presentation and mis-
diagnosis of acute appendicitis are frequent occurrences in this age
group and have resulted in increased incidence of appendiceal
perforation.1–4 Our study shows that there is high incidence of
complicated appendicitis in pre-school children. The appendiceal
perforation rate was 56.6% which is within the range of reported
perforation (40–89%) in pre-school children by other authors.1–4
The high incidence of complicated appendicitis in younger children
is multifactorial. Inability of a young child to communicate to the
parents, atypical presentation and other associated illness may
delay the diagnosis.5–7 Anatomic immaturity and lack of an ade-
quate omental barrier may contribute to the rapid progression to
perforation and peritonitis in these young patients. In this study,Table 4
Diagnosis other than appendicitis
Alternative Diagnosis Number
Upper respiratory infection 14
Gastroenteritis 10
Non-speciﬁc abdominal pain 9
Constipation 3
Urinary tract infection 4
Tonsillitis 3
Pneumonia 1
Otitis media 1
Mesenteric adenitis 2
Table 5
Post-operative complications
Complications Uncomplicated
appendicitis
Complicated
appendicitis
Wound infection 1 4
Abdominal abscess 0 3
Adhesive intestinal obstruction 0 2
Total number of patients 1/38 9/64
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appendicitis. Upper respiratory tract infection, diarrhea, otitis me-
dia, dysuria were common in both groups, confusing the diagnosis
of appendicitis. Often the child’s abdominal pains were attributed
to these associated illnesses.
Despite these atypical ﬁndings, lower abdominal pain and ten-
derness were present in most of the patients with uncomplicated
appendicitis and complicated appendicitis. Abdominal pain (90.7%)
and vomiting (83.9%) were the most common symptoms at
presentation and consistent with literature.8,9 These ﬁndings
suggest that even in very young children history and physical
examinations are the keys to early diagnosis of appendicitis.
Our ﬁndings are consistent with those of previous studies1,10–12
in which duration of symptoms was one of the most signiﬁcant
predictors of perforation. In this study, a delay in treatment of more
than 48 h after abdominal pain was ﬁrst noted by parents or
caretaker was associated with 73.3% incidence of perforation in
pre-school children. The group of very young children (1–2 years)
in our study has the highest incidence of perforation, which is
similar to the rates reported by other authors.2,10
Overall, 44.3% of patients had been evaluated by one or more
physicians before the correct diagnosis of appendicitis was made.
Nance et al13 and Graham et al1 reported 44% and 57% of
misdiagnosed appendicitis in pre-school children. Retaining an
increased index of suspicion of appendicitis in younger children
may lead to a decrease in the number of patients sent away with
incorrect or at least incomplete diagnosis.
In this study, the pre-operative blood WBC count was of little
value in making differential diagnosis, in contrast to some studies
where the sensitivity of an abnormal WBC count has been reported
to be 60–90% of childhood appendicitis.14,15 Abdominal X-rays have
been recommended in many studies9,16,17 and challenged by
others.18 The incidence of fecalith and small bowel obstruction in
plain X-ray of abdomen in this study was consistent with
previously published ﬁgures.9,13 While the usefulness of abdominal
radiographs in older children may be controversial, the identiﬁca-
tion of a small bowel obstruction in pre-school children is valuable
in its direction of investigator’s attention toward the possibility of
a complicated appendicitis. Many studies suggested that ultra-
sound is a valuable tool in the diagnosis of appendicitis,19,20 in our
experience it is very operator dependent.
The post-operative hospital stay and duration of antibiotics
course were signiﬁcantly higher in the group of complicated
appendicitis. Clearly, earlier diagnosis would be beneﬁcial. With
the advent of better antibiotics, improvement in anaesthesia,
ﬂuid resuscitation and intensive care, the mortality from com-
plicated appendicitis has reduced substantially but morbidity
continues to be signiﬁcant.3,5,21,22 In this study, wound in-
fections occurred in 6.2% of patients with complicated appen-
dicitis. Post-operative intra-abdominal abscess occurred in 4.6%
of the patients with complicated appendicitis and none with
uncomplicated appendicitis.In conclusion, the accurate diagnosis of appendicitis in pre-
school children is still a clinical challenge. The key to reducing the
morbidity of appendicitis in younger patients is to recognize the
disease early in its course. An accurate history and physical
examination, which can be challenging in the young patients still
plays an important role in the diagnosis of early appendicitis. As
perforation is a major determinant of disease-related morbidity,
pediatrician, primary care physician, emergency room physicians
and young surgeons have a crucial role to diagnose the disease early
and thereby reduce the rate of morbidity due to complicated
appendicitis in pre-school children.Conﬂict of interest
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